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ABSTRACT$QHZVWXG\RI WKHFRPSRVLWLRQRI WKH(OWYLOOH7HSKUD LVSHUIRUPHGIRU WKH WKUHHVLWHV/L[KH%HOJLXP5LQJHQ*HUPDQ\ DQG (OWYLOOH*HUPDQ\ SUHYLRXV VWUDWRW\SH7KLV WHSKUD LV D SUHFLVH VWUDWLJUDSKLFDO PDUNHU GDWHG DWDERXWNDDQGLQWHUFDODWHGin situLQ8SSHU:HLFKVHOLHQORHVVLQ%HOJLXP7KH1HWKHUODQGVDQG*HUPDQ\6LQFHPRVWRIWKHDXWKRUVKDYHLGHQWLÀHGWKH(OWYLOOH7HSKUDDIWHULWVGDUNJUH\FRORXULQ\HOORZLVKORHVVERG\WKHFRUUHODWLRQKDVLQVRPHFDVHVEHHQGRXEWHGVRWKDWJHRFKHPLVWU\RIWKHPDWHULDOVKRXOGEHXVHGWRWDNHSRVLWLRQ:HDQDO\VHWKHS\URFODVWVDQGWKHPDÀFPLQHUDOVRIWKHWHSKUDFOLQRS\UR[HQHROLYLQHDQGDPSKLEROH7KHYROFDQLFJODVVLVWRWDOO\DOWHUHGWRLOOLWHEXWWKHPLQHUDOVVKRZDFOHDUEDVDOWLFDONDOLQHPDJPDWLFVLJQDWXUH7KHWHSKUDUHVXOWHGIURPDVWURQJLQLWLDOH[SORVLYHDFWLYLW\RIDEDVDOWLFYROFDQR7KHRULJLQRIWKHWHSKUDZRXOGEHWKH(DVW(LIHOYROFDQLFÀHOG
Keywords(XURSH%HOJLXP*HUPDQ\(DVW(LIHO4XDWHUQDU\8SSHU:HLFKVHOLHQ(OWYLOOH7HSKUDZLGHVSUHDGWHSKUDOD\HUWHSKURFKURQRORJ\
1. Introduction
,Q%HOJLXPIRXUWHSKUDRFFXUUHQFHVDUHUHJLVWHUHGLQWKH8SSHU3OHLVWRFHQHIURPWKH\RXQJHVWWRWKHROGHVWWKH/DDFKHU 6HH 7HSKUD -XYLJQp D %RJDDUG 	6FKPLQFNHGDWHGDWND%RJDDUGWKH(OWYLOOH7HSKUD5RKGHQEXUJ	6HPPHO-XYLJQp	 6HPPHO  0HLMV et al  -XYLJQp SUHYLRXVO\GDWHGEHWZHHQDQGND-XYLJQp	:LQWOHWKH5RFRXUW7HSKUD*XOOHQWRSV-XYLJQp EGDWHGEHWZHHQDQGND3RXFOHWet alDQG WKH5HPRXFKDPSV7HSKUDIRXQGLQWZR%HOJLDQFDYHVDQGGDWHGEHWZHHQNDDQGND*HZHOW	-XYLJQp)LJ


































)LJXUH/REHVRI WKH(OWYLOOH5RFRXUW DQG /DDFKHU 6HH7HSKUD DQG PDLQ ORFDOLWLHVFLWHG LQ WKLV SDSHU *UH\ ]RQHVDUH WKH:HVW DQG WKH(DVW(LIHO9ROFDQLF)LHOGV 7KH OREH RI WKH 8SSHU/DDFKHU6HH7HSKUDFRUUHVSRQGVWR WKH ÀQDO SURGXFWV RI WKHHUXSWLRQZKLFKZHUHWUDQVSRUWHGZHVWZDUGV HVSHFLDOO\ RYHUVRXWKHUQ %HOJLXP 7KH RWKHUOREHV FRUUHVSRQG WR WKH /RZHUDQG 0LGGOH /67 ZKLFKFRUUHVSRQG UHVSHFWLYHO\ WR WKHHDUO\DQGPLGGOHSURGXFWV7KHZKROH SURGXFWV ZHUH HUXSWHGZLWKLQ  GD\V %RJDDUG 	6FKPLQFNH
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SRVVLEOHRULJLQIURP,FHODQGRZLQJWRUHVHPEODQFHZLWK/DWH4XDWHUQDU\,FHODQGUHODWHGDVKGHSRVLWVRIQRUWKHUQ(XURSH'DYLHVet al
7KHDLPRIWKLVVWXG\LVWRWDNHSDUWLQWKHGLVFXVVLRQRQWKH UHOLDELOLW\ RI WKH WHSKURVWUDWLJUDSKLFDO FRUUHODWLRQVEDVHGRQWKH(OWYLOOH7HSKUDWKURXJKRXWWKHOREHDVGUDZQLQ)LJXUH
2. Chronostratigraphical data
7KH (OWYLOOH 7HSKUD KDV EHHQ ZLGHO\ XVHG DV DWHSKURVWUDWLJUDSKLFDOPDNHUHVSHFLDOO\LQORHVVVHFWLRQVLQZHVWHUQ *HUPDQ\ HJ 6HPPHO  %LEXV :HLGHQIHOOHUet al.,+DWWpet al.,)UHFKHQet 
al   LQ %HOJLXP HJ 5RKGHQEXUJ 	 6HPPHO-XYLJQp	6HPPHO-XYLJQp	:LQWOHDQG LQ WKH 1HWKHUODQGV HJ -XYLJQp 	 6HPPHO 0HLMVet al 0RVWRI WKHDXWKRUVKDYHEDVHG WKHLGHQWLÀFDWLRQRIWKHWHSKUDOD\HURQEDUHH\HREVHUYDWLRQVUHIHUULQJ WR D PP WR FPWKLFN GDUN JUH\ OD\HU LQ D\HOORZLVK ORHVV ERG\ 6RPH RI WKHP SURYLGHG YDULRXVVLPSOLVWLFSHWURJUDSKLFDOREVHUYDWLRQVWKDWFDQQRWEHXVHGIRUFRUUHODWLRQVVHH-XYLJQp7DE
)XUWKHUPRUH LW KDVEHHQGHPRQVWUDWHG WKDWGLVWLQFWGDUNJUH\WHSKUDOD\HUVDUHSUHVHQWLQVLQJOH:HLFKVHOLDQWHUUDLQRXWFURSV LQ 0LGGOH *HUPDQ\ VR WKDW SUHYLRXVWHSKURVWUDWLJUDSKLFDO FRUUHODWLRQV SURSRVHG LQ OLWHUDWXUHDUH GRXEWHG E\ :HLGHQIHOOHU HW al  2EYLRXVO\UHÀQHG PLQHUDORJLFDO DQG JHRFKHPLFDO GDWD IURPPLFURSUREHVDUHQHHGHGWRPDNHWKHGLIIHUHQFHEHWZHHQWKHLQYROYHGYDULRXV¶GDUNJUH\WHSKUDOD\HUV·
2.1. Age of the tephra
2FFXUUHQFHV RI PP WR FPWKLFN OD\HUV RI WKH (OWYLOOH7HSKUDZHUHGLVFRYHUHGLQZHVWHUQ*HUPDQ\+HVV%UKQV LQ 6FK|QKDOV  )UHFKHQ  6HPPHO7KHQDPH(OWYLOOH7HSKUDZDVJLYHQE\6HPPHO/DWHURQWKHVDPHWHSKUDZDVIRXQGLQRWKHUVLWHVRI *HUPDQ\ %LEXV  %UXQQDFNHU et al  LQ'XWFK /LPEXUJ 0HLMV et al  DQG LQ %HOJLXP DW5RFRXUW5RKGHQEXUJ	6HPPHO/L[KH-XYLJQp	6HPPHODQG5RPRQW-XYLJQp 0HLMVet 
alVKRZHGWKDWWKH(OWYLOOH7HSKUDPD\FRQVLVWRIÀYHVXFFHVVLYHEHGVLQWKH(DVW(LIHO7KHÀUVWEHGKDVWKHODUJHUH[WHQWIURPWKHFHQWUHRIWKHOREHWRWKHZHVWDQGFRUUHVSRQGVWRWKHOD\HUSUHVHQWLQ%HOJLXP7KHVHFRQGDQG WKH IRXUWKEHGV DUH OLPLWHG WR WKH(LIHO UHJLRQ7KHWKLUGEHGPRUHZLGHO\RYHUODSVWKHFHQWUDODUHD7KHÀIWKEHGFRQVWLWXWHVWKHHDVWHUQSDUWRIWKHOREH
$VWKH(OWYLOOHWHSKUDZDVGLVFRYHUHGLQORHVVVHFWLRQVLQ%HOJLXP LW DSSHDUV WKDW WKH *HUPDQ DQG %HOJLDQ ORHVVVWUDWLJUDSKLHVZHUHLQFRPSDWLEOHRYHUWKHERXQGDU\VLQFHWKHWHSKUDLVSUHVHQWEHORZWKHVXSSRVHG0LG:HLFKVHOLDQSDOHRVRO  LQ %HOJLXP *XOOHQWRSV  DQG DERYH WKHHTXLYDOHQWSDOHRVRO/RKQHU%RGHQLQ*HUPDQ\6HPPHO)LUVW+DHVDHUWVet alSRLQWHGRXWWKDWWKHRULJLQDOORHVVVWUDWLJUDSK\RI*XOOHQWRSVKDGEHHQPLVLQWHUSUHWHG DQG WKH\ VKRZHG WKDW WKH WHSKUD ZDV
REYLRXVO\EHORZDSDOHRVRO1DJHOEHHN7RQJXHG+RUL]RQ17+WKDWZDV\RXQJHUWKDQWKH0LG:HLFKVHOLDQRQHWKH ODWWHU EHLQJ QRW SUHVHQW LQ WKH VHFWLRQV ZKHUH WKH(OYLOOH7HSKUDZDVIRXQGLQ*HUPDQ\
+HQFH WKH LGHQWLW\ RI ERWK WKH WHSKUD DQG WKH 0LG:HLFKVHOLDQ SDOHRVRO ZHUH GRXEWHG VR WKDW D VHULHV RI
&DQG7/GDWLQJVIURP%HOJLDQVLWHVKDYHVKRZQWKDWWKH%HOJLDQORHVVVWUDWLJUDSK\KDGWREHUHYLVHG-XYLJQp	:LQWOHLQVSLWHRILQFRQVLVWHQW7/DQG&DJHVVHOIFRQVLVWHQW7/DJHVZHUHREWDLQHGIRUWKHWHSKUDNDDQGWKHORHVVRIWKHRYHUO\LQJ17+NDEXWWKH\ZHUHLQFRQVLVWHQWZLWKWKH&DJHRIDERXWND%3IRUWKHKXPLFPDWHULDOIURPWKH17++HQFHLWZDVSUXGHQWWREUDFNHW WKHDJHRI WKH(OWYLOOH7HSKUDEHWZHHQNDDQGND-XYLJQp	:LQWOH
$PRUHSUHFLVHDJHLVREWDLQHGIURPDGGLWLRQDOGDWD9DQGHQ+DXWHet al.\LHOGHG7/DJHVRINDIRUWKHORHVVGHSRVLWLRQRIWKH17+DW.HVVHOWZKLFKLPSO\WKDWORHVVGHSRVLWLRQZDVIROORZHGE\VRLOIRUPDWLRQDQGKXPLFPDWHULDOZLWKLQ D VKRUW WLPH VSDQ DURXQGND7KLVGDWDSODFHVWKHVHWWLQJRIWKH(OWYLOOH7HSKUDEHWZHHQNDDQGWKH0LG:HLFKVHOLDQVRLOIRUPDWLRQDERXWND$QWRLQHet al.REWDLQHGDQ2SWLFDOO\6WLPXODWHG/XPLQHVFHQFH26/DJHRIWRNDIRUWKH(OWYLOOH7HSKUDDW1XVVORFK 0LGGOH5KLQHYDOOH\=|OOHUet al. SURYLGHG7/DJHVRIDERXWDQGND IRU WKHORHVV ERGLHV EHORZ DQG DERYH WKH (OWYLOOH 7HSKUD LQVRXWKHUQ +HVVH %LEXV et al.  SURYLGHG ,QIUD 5HG6WLPXODWHG /XPLQHVFHQFH ,56/DJHV RI  ND DQGNDIRUWKHORHVVERGLHVEHORZDQGDERYHWKH(OWYLOOH7HSKUD LQ WKH ORHVV VWUDWRW\SH RI 1XVVORFK )UHFKHQ 	3UHXVVHU3UHXVVHU	)UHFKHQ
,WLVFRQFOXGHGWKDWLIWKH(OWYLOOH7HSKUDLQ%HOJLXPDQGLQWKH0LGGOH5KLQHYDOOH\FRUUHVSRQGWRDV\QFKURQRXVWHSKUDIDOOLWVFXUUHQWDJHVKRXOGEHYHU\FORVHWRNDDQGWKHSUHOLPLQDU\UHVXOWVRI-XYLJQpDQG:LQWOHVKRXOGEHVRPHNDWRR\RXQJ
2.2. Environmental conditions at the time of the tephra 
deposition
$IWHU WKH DJH RI WKH WHSKUD WKH UHOHYDQW HUXSWLRQ KDVRFFXUUHGLQWKHWLPHUDQJHRI WKHODVWJODFLDOPD[LPXPLHLQDYHU\VHYHUHSHULJODFLDOFOLPDWHLQPLGGOH(XURSH:KHUH WKH OD\HU LV ZHOO SUHVHUYHG LQ ORHVV DUHDV RI%HOJLXP 1HWKHUODQGV DQG *HUPDQ\ )LJ  LW LPSOLHVWKDWQRYHJHWDWLRQZDVSUHVHQWDWWKHPRPHQWRIWKHIDOORXW7KLVLVDOVRLQDJUHHPHQWZLWKWKHKLJKUDWHRIDHROLDQVHGLPHQWDWLRQLQDFROGDQGGU\HQYLURQPHQWGXULQJWKHUHOHYDQWWLPHUDQJHHJ-XYLJQp	:LQWOH+DWWp
et al.,  )UHFKHQ 	 3UHXVVHU  )UHFKHQ 3UHXVVHU 	 )UHFKHQ 9DQ GHQ +DXWH et al., +LOJHUV et al., $QWRLQH et al.,  /DQJ et al., )UHFKHQet al.,%LEXVet al.,
2.3. Origin of the tephra
%DVHGRQ LQFUHDVLQJ WKLFNQHVVRI WKH WHSKUD OD\HU LQ WKH(DVW(LIHOYROFDQLFÀHOG%LEXV	6HPPHOSRLQWHG
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RXW WKH.RUUHWVEHUJYROFDQRDVDSRVVLEOHRULJLQ IRU WKH(OWYLOOH7HSKUD%XW WKLVYROFDQRZDVGDWHGDURXQGND%RJDDUG	6FKPLQFNHDQGWKXVKLJKO\SUHGDWHVWKH (OWYLOOH 7HSKUD GHSRVLWLRQ 1HYHUWKHOHVV LQFUHDVLQJJUDLQVL]HRIWKHPLQHUDOJUDLQVIURP%HOJLXPWRZDUGVWKH(DVW(LIHOYROFDQLFÀHOG0HLMVet alLQGLFDWHVWKDWWKLVYROFDQLFÀHOGFDQEHWKHRULJLQDOVRXUFH7KHUHSRUWRIDEDVDOWLFWHSKUDKDYLQJWKHVDPHDJHUDQJHDVWKH(OWYLOOH7HSKUDLQODNHVHGLPHQWVRIWKH0HHUIHOGHU0DDULQWKH:HVW(LIHOLVXVHGE\:HLGHQIHOOHUet alWRH[SHFWWKHFHQWUHRIWKHHUXSWLRQLQ:HVW(LIHO%XWWKLVDUJXPHQWLVZHDNFRPSDUHGWRWKDWRIWKHWHSKUDWKLFNQHVVDQGJUDLQVL]H ZKLFK SRLQW WR WKH (DVW (LIHO 8QIRUWXQDWHO\ QRHUXSWLRQLVNQRZQLQWKH(DVW(LIHOYROFDQLFÀHOGDWDERXWNDVRWKDWQRSUHFLVHYROFDQRFDQEHSRLQWHGRXWDVWKHVRXUFHRIWKH(OWYLOOH7HSKUD5HJDUGLQJDSRVVLEOHRULJLQLQWKH:HVW(LIHOVRIDUWKHXQGRXEWHGO\(OWYLOOH7HSKUDKDV QRW EHHQ IRXQG LQ DQ\ VLWH QRU LQ WKH FRUHV RI+LQNHOVPDDU-XYLJQpet al.,DQG0HHUIHOGHU0DDU,ULRQ	1HJHQGDQNZHVWHUQPDUJLQRIWKHÀHOGLQVSLWHRIWKHIDFWWKDWWKHKRVWVHGLPHQWVRIWKHDSSURSULDWHWLPHUDQJHDUHSUHVHQWLQWKRVHVLWHV
3. Investigated sites
7KUHH VLWHV ZHUH VHOHFWHG )LJ   /L[KH %HOJLXPUHSUHVHQWLQJWKHORHVVVHFWLRQVRIHDVWHUQPLGGOH%HOJLXP5LQJHQ/RZHU5KLQH%D\WKDWLVRQWKHZD\IURPWKH(DVW (LIHO YROFDQLF ÀHOG WRZDUGV %HOJLXP   (OWYLOOH0LGGOH5KLQHYDOOH\WKDWLVWKHW\SHORFDOLW\6HPPHO ZKHUH WKH VDPSOHV ZHUH FROOHFWHG LQ  XQGHUOHDGLQJRI$UQR6HPPHOKLPVHOIWKHVLWHLVQRWDQ\PRUHRSHQ,QHDFKVLWHDVLQJOHOD\HULVSUHVHQW
$W/L[KH WKH(OWYLOOH7HSKUDRXWFURSVDIHZGHFLPHWUHVEHORZDSDODHRVROFKDUDFWHUL]HGE\VXEYHUWLFDOWRQJXHVRIKXPLFPDWHULDOZKLFKKDVSHQHWUDWHGWKHXQGHUO\LQJORHVVERG\ DV D IURVW FUDFN QHW IROORZHG E\ D IURVW FUHHSPRYHPHQW)LJ$7KHWHSKUDRFFXUVDVDVLQJOHGDUNJUH\ OD\HU XS WR  PP WKLFN )LJ % 7KH FRDUVHVWFOLQRS\UR[HQHVGRQRWH[FHHGP
$W5LQJHQWKH(OWYLOOH7HSKUDRXWFURSVLQDORHVVERG\DIHZ GHFLPHWUHV EHORZ WKH SUHVHQW VRLO )LJ & 7KHWHSKUD RFFXUV DV D VLQJOH GDUN JUH\ OD\HU XS WR  FPWKLFN)LJ'7KHFRDUVHVWYROFDQLFJUDLQVGRQRWH[FHHGP)XUWKHUPRUHLQWKHIRUHJURXQGRIWKHZDOO)LJ
)LJXUH(OWYLOOH7HSKUDOD\HUDW/L[KH%HOJLXPDQG5LQJHQ/RZHU5KLQH%D\ ,Q/L[KH$FU\RWXUEDWHGKXPLFSDOHRVRO 1DJHOEHHN7RQJXHG+RUL]RQ 17+RYHUO\LQJD ORHVVERG\FRQWDLQLQJ WKH(OWYLOOH7HSKUD(7WKDWLVQRWYLVLEOHEHFDXVHWRRWKLQ%FORVHXSYLHZRIWKHGDUNJUH\(OWYLOOH7HSKUD,Q5LQJHQ&ZDOORIWKHTXDUU\WKH(OWYLOOH7HSKUD(7LVSUHVHQWLQWKHORHVVERG\DWWKHEDFNJURXQGDQGWKHKXPLFKRUL]RQSUHVHQWLQWKHIRUHJURXQGLVWKH$OOHU¡GSDOHRVRO$3'FORVHXSYLHZRIWKHGDUNJUH\(OWYLOOH7HSKUD(7
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&DWUXQFDWHGKXPLFSDOHRVRORXWFURSVLQWKHXSSHUSDUWRIWKHVHFWLRQ,WFRQWDLQVPDWHULDORIWKH8SSHU/DDFKHU6HH7HSKUDZLWKKLJKDPRXQWRI WLWDQLWHDVIRXQGLQ WKHZHVWHUQOREHRIWKDWYROFDQR-XYLJQpD%RJDDUG	6FKPLQFNHKHQFHWKDWKXPLFSDOHRVROGHYHORSHGGXULQJWKH%¡OOLQJ$OOHU¡GLQWHUVWDGLDO,WVIDFLHVLVTXLWHVLPLODUWRWKHVRLOWKDWZDVEODQNHWHGE\WKH/DDFKHU6HHWHSKUDLQYDULRXVTXDUULHVDURXQGWKH/DDFKHU6HHFUDWHULH QHDUE\ WKH :LQJHUWVEHUJ TXDUU\ %RJDDUG 	6FKPLQFNH 7KH SRVLWLRQ RI WKH (OWYLOOH 7HSKUD LQ WKH LQYHVWLJDWHGORHVVVHFWLRQVLVUHSUHVHQWHGLQ)LJ
3.1. Methods
6DPSOHV ZHUH ERLOHG LQ ZDWHU DQG VLHYHG DW  P WRHOLPLQDWHWKHORHVVIUDFWLRQPWKDWFRQWDPLQDWHVWKHWHSKUDPDWHULDO)RUHDFKVDPSOHWKHIUDFWLRQFRDUVHUWKDQ  P ZDV FHQWULIXJHG LQ EURPRIRUP +HDY\PLQHUDOV ZHUH JDWKHUHG IURP HDFK VDPSOH DQG VPHDUVOLGHVZHUHPRXQWHGIRUPLFURSUREHDQDO\VLV7KHYROFDQLFJODVVIUDJPHQWVDUHVRIUDJLOHWKDWRQO\WKHVLWHRI5LQJHQWKDW FRQWDLQV FRDUVHU PDWHULDO KDV SURYLGHG JUDLQVDSSURSULDWHIRUPLFURSUREHDQDO\VLV(OHFWURQ SUREH PLFURDQDO\VHV RI WKH YROFDQLF PDWHULDOIURP WKUHH VLWHV ZHUH SHUIRUPHG DW WKH DQDO\WLFDOODERUDWRULHV RI WKH 8QLYHUVLW\ RI /RXYDLQOD1HXYH%HOJLXPDQGRIWKH8QLYHUVLW\&156%5*0MRLQWODERI2UOpDQV)UDQFHZLWK6;DQG0LFUREHDP&DPHFDDQDO\]HUV7HFKQLFDO FRQGLWLRQV DUHN9 WRQ$DQGPEHDP
3.2. Tephra composition
7KH WHSKUD OD\HU LVPDGHXSRI S\URFODVWV DQGYROFDQLFPLQHUDOV$V IHOGVSDUJUDLQVDUH IUHTXHQW LQ WKH ORHVV LW
ZDV QRW SRVVLEOH WR GHWHUPLQH WKH DEXQGDQFH DQG WKHFRPSRVLWLRQ RI WKH YROFDQLF IHOGVSDUV :H WDNH LQWRDFFRXQW RQO\ WKH YROFDQLF KHDY\ PLQHUDOV 7KH KHDY\PLQHUDOFRPSRVLWLRQLVJLYHQE\0HLMVet alDQGE\ -XYLJQp  FOLQRS\UR[HQHV  ROLYLQHVDQGEURZQDPSKLEROHV
Pyroclasts
7KHS\URFODVWVFRQVLVWRIEXEEOHZDOOIUDJPHQWVDQGVXEURXQGHG PLFURSXPLFHV )LJ $ 7KH\ DUH PRGHUDWHO\VRUWHG DQG VL]HG IURP PLGGOH WR FRDUVH DVK WKH ODUJHVWJUDLQVUHDFKLQJPPDW5LQJHQDQGPPDW/L[KH$VPDQ\JUDLQVZHUHEURNHQ SUHFLVH VRUWLQJ FDQQRW EHHYDOXDWHG +RZHYHU WKH WHSKUD IHDWXUHV DUH FRQVLVWHQWZLWKD6WURPEROLDQVFRULDIDOOGHSRVLW0LFURSXPLFHVDUHKLJKO\ YHVLFXODWHG YHVLFXODULW\ XS WR  ZLWK WLQ\YHVLFOHVPPZKLFKKDYHFRDOHVFHGWRIRUPDQLUUHJXODU DQG SDUWO\ RSHQ IUDPHZRUN )LJ % 7KH\UHVXOWHGIURPDVXSSO\RIODYDDWKLJKWHPSHUDWXUHDQGORZYLVFRVLW\



























)LJXUH  6WUDWLJUDSKLFDOFRUUHODWLRQ RI WKH LQYHVWLJDWHG ORHVV VHFWLRQV'HFRUDWHG ]RQHV DUHSDODHRVROV/L[KHDIWHU-XYLJQpDQG5HQDUG 5LQJHQ DIWHU /|KU 	%UXQQDFNHU  %,,,QQHUZUPERGHQ,,%,,,,QQHUZUPERGHQ ,,,:HLFKVHOLDQSDODHRVROV (OWYLOOH DIWHU 6HPPHO ( ( ( ((UEHQKHLPHU 1DVVE|GHQ7XQGUD JOH\ SDOHRVROV/%/RKQHU%RGHQEURZQVXEDUFWLFSDODHRVRO
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38,83 39,04 42,19 43,08 45,30 46,27 49,51 46,87 40,18 44,82 43,61 3,57
TiO
2










0,04 0,00 0,06 0,13 0,05 0,01 0,01 0,05 0,00 0,01 0,04 0,04
FeO
t
2,51 1,58 5,14 1,75 1,77 2,02 2,35 2,35 1,40 1,50 2,24 1,09
MnO 0,00 0,00 0,00 0,01 0,01 0,00 0,04 0,01 0,05 0,00 0,01 0,02
MgO 1,06 0,72 0,95 0,80 0,98 1,10 1,05 1,18 0,68 0,88 0,94 0,17
CaO 0,08 0,07 0,04 0,38 0,33 0,43 0,12 0,11 0,08 0,11 0,17 0,14
Na
2
O 0,34 0,45 0,66 0,32 0,86 1,60 1,37 0,18 0,18 0,61 0,66 0,49
K
2
O 4,54 4,93 4,83 3,89 4,98 8,21 9,39 4,46 3,03 4,43 5,27 1,97
Total 68,19 70,10 78,92 71,57 75,97 75,84 83,30 75,49 70,29 77,85 74,75 4,69
Recalculated to a total of 96.00
SiO
2
54,67 53,47 51,33 57,78 57,24 58,57 57,07 59,61 54,88 55,27 55,99 2,52
TiO
2










0,06 0,00 0,07 0,17 0,07 0,01 0,01 0,07 0,00 0,01 0,05 0,05
FeO
t
3,54 2,16 6,25 2,35 2,23 2,55 2,71 2,99 1,91 1,84 2,85 1,30
MnO 0,00 0,00 0,00 0,01 0,02 0,00 0,05 0,01 0,07 0,00 0,02 0,02
MgO 1,50 0,99 1,16 1,08 1,23 1,40 1,21 1,50 0,93 1,09 1,21 0,20
CaO 0,11 0,10 0,05 0,51 0,42 0,54 0,14 0,14 0,11 0,13 0,22 0,19
Na
2
O 0,48 0,61 0,80 0,43 1,08 2,03 1,58 0,23 0,25 0,75 0,82 0,59
K
2
O 6,39 6,75 5,88 5,22 6,29 10,40 10,82 5,67 4,14 5,46 6,70 2,18
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0DÀFPLQHUDOV
$IWHU PLFURVFRSLFDO GHWHUPLQDWLRQ RI VPHDU VOLGHV VHHDERYH WKH PDÀF PLQHUDOV DUH LQ RUGHU RI IUHTXHQF\FOLQRS\UR[HQH ROLYLQH DQG EURZQ DPSKLEROH 3UHYLRXVLQYHVWLJDWLRQVRI-XYLJQpKDYHGHPRQVWUDWHGWKDWWKHVHPLQHUDOVKDYHVLPLODUFRPSRVLWLRQVDWWKHWKUHHVLWHVRI/L[KH5LQJHQDQG(OWYLOOH
Clinopyroxenes
3\UR[HQHV KDYH WKH VDPH UDQJH RI FRPSRVLWLRQ DW WKHWKUHHVLWHV7KH\H[KLELWW\SLFDOSDWWHUQVRISKHQRFU\VWVRI
DONDOLQH PDJPDV FKDUDFWHUL]HG E\ KLJK 7L DQG $OVI-
FRQWHQWV 7L7VFKHUPDN DQG 7VFKHUPDN HQGPHPEHUV
ZKLFKLQGXFHDIDVVDLWLFIHDWXUH7DEOH:LWKWKHUDQJH
FRPSRVLWLRQ RI ;0J ;)H2+0Q





WKH PDQWOH [HQROLWKV KLJKSUHVVXUH FXPXODWHV DQG
PLGGOH WR ORZSUHVVXUH PDJPDWLF SKDVHV DUH GUDZQ
DFFRUGLQJWRWKH3RXFOHWet al.VWXG\RIWKH5RFRXUW
)LJXUH&ODVVLÀFDWLRQRIS\UR[HQHVDQGROLYLQHVRIWKH(OWYLOOH7HSKUD
$ 0J&D)H2+  0Q GLDJUDP RIS\UR[HQHV DQG )R UDWLR GLDJUDP RIROLYLQHV
%$OIVYV$OVIGLDJUDPRIS\UR[HQHV
&7LYV$OVIGLDJUDPRIS\UR[HQHV
9&3; DUHD RI S\UR[HQHV RI WKH (LIHOODYDV0&3;FOLQRS\UR[HQHPHJDFU\VWVRIDONDOLQHODYDV3&3;FOLQRS\UR[HQHVRI XSSHU PDQWOH [HQRFU\VWV RI DONDOLQHODYDVDUHDVGUDZQDIWHUWKHGDWDRI$RNL	.XVKLUR%HFNHU6WRVFK	 6HFN  6DFKWOHEHQ 	 6HFN 'XGD 	 6FKPLQFNH 0HUWHV 	 6FKPLQFNH  6WRVFK 	/XJPDLU  :LWW 	 6HFN :LWW(LFNFKHQ 	 .UDPP  :LWW(LFNFKHQ et al  6KDZ 	(\]DJXLUUH  DQG 6KDZ 7KHOLQHVKDYLQJDUDWLRRIGLDJUDP%DQGRIGLDJUDP&GLVFULPLQDWHWKHJURXSVDQG
THE ELTVILLE TEPHRA, A LATE PLEISTOCENE WIDESPREAD TEPHRA LAYER IN GERMANY, BELGIUM AND THE NETHERLANDS; SYMPTOMATIC COMPOSITIONS OF THE MINERALS 99
Eltville Ringen Lixhe
Pyroxenes Gr. 1 Gr. 2 Gr. 1 Gr. 2 Gr. 1 Gr. 2
av. s.d. av. s.d. av. s.d. av. s.d. av. s.d. av. s.d.
analyses number 2 17 7 21 15 61
SiO
2
46,33 1,70 45,44 1,99 48,35 1,39 44,24 1,69 47,91 2,15 45,33 1,84
TiO
2





8,69 0,84 8,27 1,75 5,96 1,49 9,24 1,91 6,60 1,89 8,20 1,65





0,30 0,28 0,08 0,09 0,33 0,35 0,09 0,15 0,22 0,31 0,10 0,16
MnO 0,06 0,01 0,12 0,10 0,16 0,10 0,13 0,09 0,21 0,22 0,12 0,07
MgO 12,51 1,73 12,15 1,51 12,66 1,58 11,50 0,96 12,34 1,69 11,87 0,95
CaO 22,40 0,20 22,94 0,65 22,23 0,61 22,64 0,61 22,35 0,85 23,01 0,69
Na
2
O 0,59 0,07 0,54 0,29 0,74 0,32 0,54 0,16 0,80 0,39 0,58 0,26
K
2
O 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,02 0,01 0,01 0,01 0,03
Total 99,03 1,63 98,92 1,03 98,05 0,60 98,43 0,67 98,37 1,25 98,92 0,79
Structural formulae (6 oxygens)
Si 1,727 0,024 1,703 0,063 1,822 0,051 1,671 0,065 1,800 0,066 1,702 0,065
AlIV 0,273 0,024 0,297 0,063 0,178 0,051 0,329 0,065 0,200 0,066 0,298 0,065
AlVI 0,109 0,022 0,069 0,027 0,087 0,020 0,082 0,026 0,093 0,028 0,065 0,019
Ti 0,062 0,008 0,073 0,016 0,040 0,015 0,082 0,021 0,045 0,020 0,074 0,017
Fe3+ 0,074 0,001 0,118 0,035 0,056 0,025 0,119 0,038 0,070 0,041 0,124 0,048
Cr 0,009 0,008 0,002 0,003 0,010 0,010 0,003 0,004 0,006 0,009 0,003 0,005
Fe2+ 0,112 0,038 0,095 0,033 0,140 0,065 0,106 0,047 0,131 0,051 0,098 0,039
Mg 0,694 0,080 0,679 0,087 0,711 0,090 0,647 0,065 0,690 0,102 0,664 0,064
Mn 0,002 0,000 0,004 0,003 0,005 0,003 0,004 0,003 0,007 0,007 0,004 0,002
Ca 0,895 0,013 0,921 0,018 0,898 0,028 0,916 0,022 0,900 0,039 0,926 0,026
Na 0,043 0,006 0,039 0,022 0,054 0,024 0,040 0,012 0,058 0,029 0,042 0,019
K 0,001 0,001 0,000 0,001 0,001 0,001 0,001 0,001 0,000 0,001 0,001 0,001
Mg % 40,75 4,00 39,84 3,21 40,50 4,36 38,65 2,36 39,87 4,20 39,23 1,96
Fe2+ + Mn % 6,68 2,35 5,86 2,18 8,29 3,79 6,57 2,84 8,01 2,96 6,00 2,24
Ca % 52,58 1,65 54,30 1,75 51,21 1,54 54,78 1,99 52,12 2,26 54,77 1,81
End-members
Di% 59,74 5,05 61,22 7,44 64,09 6,49 57,62 5,73 62,72 6,89 61,25 5,69
Hd% 9,82 3,58 8,88 2,95 13,19 6,25 9,70 3,81 12,67 4,69 9,35 3,44
En% 5,02 1,62 3,36 1,14 3,68 1,87 3,61 1,29 3,28 2,59 2,64 1,43
Fs% 0,78 0,10 0,50 0,32 0,66 0,30 0,67 0,58 0,57 0,29 0,41 0,37
Ac % 4,29 0,60 3,91 2,16 4,94 2,39 3,97 1,20 5,29 3,05 4,21 1,93
Jd % 0,00 0,00 0,00 0,00 0,50 0,85 0,00 0,00 0,54 1,66 0,01 0,08
Ca-Tsch % 10,96 2,14 6,89 2,70 8,21 1,88 8,23 2,64 8,75 3,39 6,45 1,95
Ti-Tsch % 6,21 0,80 7,29 1,62 4,00 1,50 8,23 2,11 4,49 2,00 7,43 1,66
Es % 3,18 0,54 7,95 3,39 0,72 1,07 7,97 3,49 1,69 1,61 8,23 4,12
Ko% 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
7DEOH&KHPLFDOFRPSRVLWLRQDQGVWUXFWXUDOIRUPXODRIWKHFOLQRS\UR[HQHVRIWKH(OWYLOOH7HSKUD
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$PSKLEROHV DUH PDJQHVLDQ WLWDQLIHURXV DOXPLQRXV DQGPRGHUDWHO\ DONDOLQH SRWDVVLF 0J0J)H2+7L2
2




2 .1D 7DE  ,Q WKHDPSKLEROHQRPHQFODWXUHRI/HDNHet al.WKH\DUHGHWHUPLQHGDV7LULFKSDUJDVLWHVFORVHWRNDHUVXWLWHV0RVWRI WKHVH DPSKLEROHV KDYH WKH FRPSRVLWLRQ RI DONDOLQHEDVDOWLFSKHQRFU\VWV)LJ$IHZRIWKHPPD\RULJLQDWHGIURPXSSHUPDQWOHWRORZHUFUXVWFXPXODWHVDQGYHLQV
4. Conclusion
7KHQXPHURXV7/DQG26/DJHVWKDWKDYHEHHQREWDLQHGE\ YDULRXV ODERUDWRULHV RQ WKH ORHVV ERG\ FRQWDLQLQJ RUEUDFNHWLQJWKH(OWYLOOH7HSKUDDVZHOODVWKH&GDWHVRIWKHKXPLFPDWHULDORIWKHLPPHGLDWHO\RYHUO\LQJSDOHRVROFDOOHG17+DOORZXVWRDOORFDWHDQDJHRIURXJKO\NDWR WKH (OWYLOOH 7HSKUD )XUWKHUPRUH WKH KLJK UDWH RIVHGLPHQWDWLRQRIWKHORHVVERG\FRQWDLQLQJWKHWHSKUDÀWVTXLWH ZHOO ZLWK D YHU\ DFWLYH DHROLDQ GHÁDWLRQ RQ WKHQHDUE\ÁRRGSODLQV0HXVH5KLQHDQGWULEXWDULHVLQWKHFROGHVWSDUWRIWKH:HLFKVHOLDQJODFLDWLRQ
Eltville Ringen Lixhe
Olivines average standard deviation average standard deviation average standard deviation
SiO
2
40,49 0,06 40,86 0,46 40,39 0,35
TiO
2





0,07 0,04 0,04 0,02 0,02 0,02
FeO 10,87 0,01 11,01 2,13 12,52 1,80
MnO 0,15 0,03 0,20 0,03 0,23 0,07
MgO 46,90 0,30 49,65 1,40 48,37 1,47
CaO 0,34 0,04 0,25 0,12 0,32 0,07
Total 98,84 0,51 102,01 0,46 101,87 0,27
Structural formulae (4 oxygens)
Si 1,008 0,003 0,988 0,005 0,985 0,004
Ti 0,001 0,000 0,000 0,000 0,000 0,000
Al 0,002 0,001 0,001 0,000 0,001 0,001
Fe2+ 0,226 0,001 0,223 0,044 0,256 0,039
Mn 0,003 0,001 0,004 0,001 0,005 0,001
Mg 1,741 0,003 1,789 0,040 1,759 0,041
Ca 0,009 0,001 0,007 0,003 0,008 0,002
Total 2,990 0,002 3,012 0,005 3,014 0,004
Fo% 88,35 0,03 88,75 2,18 87,11 1,99
7DEOH&KHPLFDOFRPSRVLWLRQRIVRPHROLYLQHVRIWKH(OWYLOOH7HSKUD
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$FFRUGLQJ WR WKH FKDUDFWHULVWLFV RI WKH S\URFODVWV WKH(OWYLOOH 7HSKUD UHVXOWHG IURP D VWURQJ 6WURPEROLDQHUXSWLRQRIDKLJKWHPSHUDWXUHDQGORZYLVFRVLW\ODYD7KHYROFDQLF JODVV EHLQJ WRWDOO\ DOWHUHG WR SK\OOLWH WKHFRPSRVLWLRQRI WKH ODYD LVXQNQRZQ%XW WKHPDJPDWLFVLJQDWXUH RI WKH PLQHUDOV LV FOHDUO\ FRQVLVWHQW ZLWK DQDONDOLQHEDVDOWLFPDJPD
7KHPRUHUHFHQWDQGDFFXUDWHDJHGDWD\LHOGWRDQDJHRI ND &RQVLGHULQJ WKH LQFUHDVH RI WKH WHSKUD WKLFNQHVVDQGJUDLQVL]HWKH(DVW(LIHOYROFDQLFÀHOGFRXOGEHWKHRULJLQDOORFDWLRQRIWKHHUXSWLRQ,QWKDWFDVHWKHFKDOOHQJHLVWRGLVFRYHUDODUJHEDVDOWLFYROFDQRWKDWFRXOGEHGDWHGDWND
5. Aknowledgments
(OHFWURQ SUREH PLFURDQDO\VHV RI WKH YROFDQLF PDWHULDOKDYHEHHQSURYLGHGWKDQNVWRWKHIDFLOLWLHVRIWKHDQDO\WLFDOODERUDWRULHV RI WKH 8QLYHUVLW\ RI /RXYDLQOD1HXYH%HOJLXPDQGRIWKH8QLYHUVLW\&156%5*0MRLQWODERIWKH,QVWLWXWGHV6FLHQFHVGHOD7HUUHG·2UOpDQV)UDQFH0DQIUHG)UHFKHQDQGDQDQRQ\PRXVUHYLHZHUDUHJUHDWO\DNQRZOHJGHGIRUWKHLUSRVLWLYHFRPPHQWV
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